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通常高铟 InGaN 材料的晶体质量差，非辐射复合率高。此外，由于 InN 和




















2）在 GaN 极性面上生长 InGaN 材料时，其内建极化场会大幅降低 InGaN
有源层的内量子效率。极化场的强弱是由量子阱结构中阱垒界面处的极化电荷密
度决定。通过界面改性降低界面处的极化电荷密度可降低极化场强度，提高量子

















征发现 Mg 的界面改性会导致 InGaN 材料生长更快且阱中 In 组分分布更均匀，
同时 In 的掺入效率降低；还发现阱中相分离、应力弛豫和相关缺陷的产生得到
明显的抑制。由于 Mg 原子倾向于在位错坑附近聚集，抑制了 InGaN 在该区域
的生长，在沟槽内形成较薄的阱层。而薄阱所形成的高表面势垒可有效地阻止载
流子迁移到位错中心位置进行非辐射复合。总之， Mg 预处理实现高铟 InGaN
有源层发光增强可归因于：（1）Mg 预处理减小了 GaN-to-InGaN 界面的极化电
荷密度从而有效地削弱压电极化场和抑制量子限制斯塔克效应，提高了载流子在







































Due to the large lattice mismatch between InN and GaN (~11%), the InGaN 
alloy phenomena and formation of surface pits and In-rich structures would become 
severe with an increase of indium content, leading to poor crystalline quality and 
increase of nonradiative recombination rate for InGaN active layers. In addition, a 
strong built-in piezoelectric field induced by the significant strain for high indium 
content InGaN on GaN results in a local separation of electrons and holes toward the 
opposite side in InGaN active layer, and thus a decrease in carrier recombination rate. 
In my works, surface/interface modification were employed to improve crystalline 
quality of InGaN active layers, and to weaken polarization field and thus increase 
internal quantum efficiency. Brief summaries are as follows: 
1) Initially-shaped nanoscale pyramid-like GaN islands of large-area smooth 
sidewall facets were realized by surface modification via slightly silicon doping in the 
GaN islands. Low densities of dislocations were generated in the initially-shaped GaN 
islands due to the lack of island coalescence, leading to improvement of the crystal 
quality of GaN islands. Using surface modified GaN pyramids as the growth template, 
the growth behavior and luminescence properties of InGaN active layers on GaN 
islands were studied. Scanning transmission electron microscopy studies reveal 
selective growth of relatively thin quantum wells on semipolar sidewall facets and 
In-rich InGaN quantum dots on the island apex. Spatially resolved scanning electron 
microscopy and cathodoluminescence studies show strong emission from the island 
sites, whereas very weak emission arises from the nonisland sites, suggesting the 
preferential growth of InGaN active layers on the GaN islands rather than on the 
SiNx-treated nonisland sites. Polychromatic emission from the InGaN active layers on 
the faceted GaN islands suggests an alternative for monolithic phosphors-free white 
emission.  
2) By Mg pretreatment of the bottom GaN barrier surface the growth behavior 















significantly improved. High-quality InGaN layers free from phase separation and 
strain relaxation induced defect generation were achieved. Carrier transport to 
dislocation cores was suppressed by the relatively high surface potential formed 
around the dislocation pits due to the growth of InGaN-deficient troughs aligning the 
pit arrays. The piezoelectric field (PF) and quantum confined Stark effect (QCSE) of 
the InGaN active layers were reduced by Mg-induced interface charge compensation 
leading to increase of radiative recombination rate. Enhanced near-green emission 
was achieved and attributed to the improvement of crystalline quality, reduction of PF 
and QCSE, and suppression of the nonradiative recombination at the dislocation 
cores. 
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的第二代半导体材料，发展到了现今以 GaN、ZnSe 和 SiC 化合物为代表的第三




势必促进光纤通信产业的飞跃。在宽禁带半导体中，ZnSe 和 SiC 曾一度是世界
各研究机构和公司的研究和开发重点，因为 ZnSe 和 SiC 材料可以实现蓝色 LED，
并且在 GaN 基蓝光 LED 出现之前，只有 SiC 材料的蓝光 LED 才是唯一商品化
的蓝光 LED。但是由于 SiC 是间接带隙半导体，发光效率不尽人意，并且其价
格昂贵的原因使得它的发展越来越不适宜时代的潮流。尽管以前 GaN 材料因为
没有很好的单晶衬底、位错密度高、n 型本底浓度太高以及 p 型掺杂困难等多种
原因而导致其发展趋于缓慢，但从二十世纪八九十年代开始，对 GaN 材料的研
究在不断取得新的突破。首先对于 GaN 和蓝宝石衬底之间晶格失配的问题，H. 
Amano 在前人利用蓝宝石外延 AlN 单晶[1]的基础上，在蓝宝石和 GaN 薄膜之间
插入一层 AlN 缓冲层[2]，这种方法在一定程度上解决了 GaN 直接生长在蓝宝石
上所带来的外延片表面粗糙和龟裂的问题。到 1991 年 S. Nakamura 尝试在蓝宝






















达 105 cm-2），并制造出寿命超过 15000 h 的激光器[21]。除此之外，S. Nakamura
也开始对 MOCVD 系统进行改进，例如采用双流式（Two-flow）并建立原位监
控的生长技术来提高 GaN 的质量[22]。 
在 1991 年 GaN 的 p 型掺杂取得了重大突破并掀起了世界对它的研究狂潮。
最开始 H. Amano 通过低能电子束辐照实现了 GaN 的 p 型掺杂，后来 S. Nakamura
将掺 Mg 的 GaN 置于 400 oC 以上的真空或氮气环境中进行热退火，结果可得到
低阻值的 p 型 GaN。由于 p 型 GaN 的实现，后来 Akasaki 等人也成功制造出第
一支 GaN 基 p-n 结的蓝光 LED。 






达到 10cd，光输出功率分别达 6.0 mW 和 4.0 mW。在紫光二极管方面 Cree 公司
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